Introduction
synovial sarcoma. He was known to have dietcontrolled type 2 diabetes mellitus. Synovial sarcoma of the left thigh had been diagnosed in 1993 and Acid-base disturbances, notably metabolic acidosis, are treated with local surgical resection. A recurrence in a serious complication of drug treatment. A focused 1994 was again treated with surgical resection, followed evaluation and the initiation of appropriate treatment by radiation therapy and five courses of chemotherapy are crucial. First, a high [H+]-and a low [ HCO 3 ]-with a total dose of 300 mg/m2 doxorubicin and concentration defines a metabolic acidosis. Second, the 25 g/m2 ifosfamide. The patient tolerated this treatplasma [ HCO 3 ] and the degree of compensatory ment well. The tumour recurred in January 1998 in decrease in pCO 2 allows an assessment of a simple or the left inguinal region and 11 days prior to the present a mixed acid-base disturbance. Third, calculation of the anion gap (AG) helps in distinguishing whether a admission systemic chemotherapy was again initiated. metabolic acidosis is due to acid gain or bicarbonate The patient received a first course of ifosfamide, 2 g/m2 loss. Fourth, calculation of the urine-net-charge or the daily for 4 days and was discharged in good condition urine anion gap ( UAG) enables distinction between 2 days after completing chemotherapy. The prebicarbonate loss via the gastrointestinal tract or ifosfamide creatinine concentration was 1.07 mg/dl; at through the kidney. Fifth, calculating the fractional discharge the creatinine value was 1.37 mg/dl. excretion of bicarbonate distinguishes between prox-
The physical examination was reported to be unreimal and distal tubular acidosis. We recently encoun-markable, the respiratory rate was not recorded. The tered a patient with ifosfamide-induced metabolic creatinine was 3.5 mg/dl, potassium 2.3 mmol/l, acidosis.
sodium 147 mmol/l, chloride 122 mmol/l, blood gluIfosfamide is an agent which commonly causes renal cose 400 mg/dl, and white blood count 0.3×103/ml. impairment. Acute, reversible, subclinical nephrotox-Blood gases were not measured. A diagnosis of chemoicity occurs in almost all patients treated [1] ; 28% therapy-induced neutropenia, electrolyte-imbalance, develop acidosis with a bicarbonate <20 mmol/l [2] , and severely impaired glucose tolerance was made. and 4% develop a Fanconi-like syndrome [1] . We Isotonic saline was infused and a total of 60 mmol present a patient with severe ifosfamide-induced meta-potassium-chloride was given, as well as subcutaneous bolic acidosis, an additional respiratory alkalosis, insulin. The following day, the patient was transferred Fanconi syndrome, and probable concomitant distal to the cancer centre from which he had been discharged renal tubular acidosis. A significant delay in diagnosis 5 days earlier. Here the patient was found to be and treatment occurred because the treating physicians stuporous and tachypneic with Kussmaul type breathwere not familiar with a proper metabolic acidosis ing. Similar laboratory values as on the previous day work-up. A structured approach leading to a correct were obtained; a blood gas analysis showed severe and refined diagnosis will be presented. metabolic acidosis. A diagnosis of ketoacidosis was made; however, no ketones in urine or serum and no anion gap were determined and no urinalysis was performed. The patient was transferred to the intensive
The blood pressure was 120/60 mmHg, the heart Discussion rate regular at 120/min, the respiratory rate 36/min. The patient's breaths were deep and laboured. He was Metabolic acidosis due to renal tubular acidosis is a somnolent, yet arousable and appropriate; his neuro-common and serious complication of ifosfamidelogical examination showed no localizing abnormalit-containing chemotherapy [1] [2] [3] . Several mechanisms ies. The mucous membranes were dry and the skin of renal damage have been described including: (i) turgor markedly decreased. The neck veins were flat direct, dose-dependent, proximal tubular toxicity leadwith the patient supine. The heart sounds were normal ing to bicarbonate loss [4] ; (ii) a proximal tubular and a 1/6 systolic murmur was heard along the left defect consistent with the acquired Fanconi syndrome sternal border. The abdominal examination was unre- [1, 4] ; (iii) distal tubular damage, including type 1 renal markable. There was no peripheral oedema. The labor-tubular acidosis [4] ; (iv) a combination of the above atory results are shown in Table 1 . defects [5] . This potentially life threatening complicaWe followed the schema outlined in Figure 1 , a tion must be treated without delay with continuous process which required under an hour, as a diagnosis oral and intravenous volume and electrolyte replaceand treatment plan. On the basis of these data and the ment. A fast and focused diagnostic work-up is crucial. history of recent ifosfamide chemotherapy, a diagnosis The step-wise approach shown in Table 2 is helpful. of drug-induced renal tubular acidosis, involving both The first step is to define the primary acid-base the proximal and distal tubule, with concomitant res-disturbance. A high [ H+] and a low [HCO 3 ], define a piratory alkalosis was proposed. Some degree of non-metabolic acidosis. The second step is to determine oliguric acute tubular necrosis, pre-renal acute renal whether the acid-base disturbance is simple or mixed. failure, and urinary concentrating defect could not be To answer this question, the physiological responses ruled out. We prepared an infusion of 0.45% normal of the lungs to metabolic acidosis must be appreciated. saline (77 mmol Na and 77 mmol Cl ) with the addition The mmol/l decrease in plasma [ HCO 3 ] (primary disof 50 mmol Na and HCO 3 to each litre. We added turbance) should approximately equal the mmHg potassium phosphate ( K 3 PO 4 ) to the infusions at the decrease in pCO 2 (compensatory response). In our initiation of therapy and continued the infusions until patient, the plasma [ HCO 3 ] was decreased by the patient recovered. Within 2 days the patient 19 mmol/l. One would expect a corresponding decrease improved remarkably. The electrolyte and acid-base of pCO 2 by about 23 mmHg (i.e. expected pCO 2 was disturbances improved ( Table 1 ). The patient was 17 mmHg). However, in our patient the decrease in transferred to the ward and continued to recover pCO 2 was 28 mmHg (the patient's pCO 2 was 12 mmHg), indicating that in addition to his metabolic uneventfully. teacher who first observed the respiratory compensation of metabolic acidosis, Adolph Kussmaul: Ketoacidosis, Uremia, SalicylateS, Methanol, Aethylene-glycol, Uremia (twice, to remember), and Lactate. In our view, the most serious error made in this patient's care was the failure of clinicians to immediately calculate the AG. Poisonings causing an AG metabolic acidosis are invariably life threatening. Furthermore, the other causes of AG metabolic acidosis are always serious [9] .
A loss of NaHCO 3, on the other hand, leaves the AG undisturbed. Any [ HCO 3 ] decrease should be accompanied by a milliequivalent-for-milliequivalent renal replacement of extracellular HCO 3 − by Cl−. This process has no impact on the AG, since the sum of [ HCO 3 −] and [Cl−] remains constant. Instead, a hyperchloremic metabolic acidosis results. In our patient, the AG was not elevated. The reason for the metabolic acidosis must therefore be found in a loss of NaHCO 3 . The fourth step in defining a metabolic acidosis involves the calculation of the UAG. There are two means by which the body can lose NaHCO 3
, either via the gasto-intestinal tract or through the kidneys. Calculation of the urine net charge or the UAG, which equals the sum of the major measured cations minus the major anions ( UAG=[Na+]+[ K+]−[Cl−]), is helpful in distinguishing between these two conditions [9, 10] . In analogy to the serum or plasma AG, the UAG is the difference between the unmeasured anions and unmeasured cations. The major unmeasured urinary cation is the ammonium ion (NH+ 4 ). Renal generation and excretion of NH+ 4 is a physiological response to the daily acid load and is normally 40 mmol/day. During metabolic acidosis, the excretion can increase to as much as 250 mmol NH+ 4 per day [8, 11] . When NaHCO 3 is lost via the gastro-intestinal tract, the NH+ 4 production should exceed 80 mmol/day and the calcu- lated UAG should therefore be negative. In case the kidneys are unable to generate sufficient amounts of NH+ 4 or when loss of NaHCO 3 through the kidney acidosis the patient had a second disturbance. The patient had a concomitant respiratory alkalosis, per-occurs, the UAG is positive or zero. In our patient, the UAG was slightly positive (+2 mmol/l ). Thus, his haps due to another mechanism stimulating the respiratory centre such as sepsis, or a central nervous system kidneys did not respond appropriately to the acid-base disturbance. NaHCO 3 was therefore not lost via the disturbance. The third question is whether the metabolic acidosis is due to acid gain or whether a bicarbon-gastro-intestinal tract, but through the kidneys.
The fifth step is to differentiate the two major ate loss is responsible. Helpful in differentiating this problem is the calculation of the AG [7] . The AG is mechanisms by which the kidneys can lose NaHCO 3 , namely through proximal or distal renal tubular malthe difference between the plasma major cation (Na+) concentration and the major measured anion (Cl− + function. The UAG, the urinary pH, and the fractional excretion of HCO 3 are helpful tools in this regard. HCO 3 ) concentrations. Alternatively, to better appreciate the factors that can affect the AG: the AG is equal Distal tubular acidosis is characterized by (i) a positive UAG, since NH+ 4 excretion depends on intact distal to the difference between unmeasured anions and unmeasured cations. An increase in the AG can either tubular acidification, (ii) a high urinary pH (>5.3), since distal urinary acidification is impaired, and (iii) be due to a decrease in unmeasured cations or, more frequently an increase in unmeasured anions as a result a low fractional excretion of HCO 3 (i.e. <3%), since bicarbonate is reabsorbed by an intact proximal tubule. of acid gain. The latter occurs in metabolic disturbances such as lactic acidosis, ketoacidosis, or renal Proximal tubular acidosis is characterized by a fractional excretion of HCO 3 >15%, unless an equilibrium failure, and in ingestion of various poisons such as certain volatile alcohols, namely methanol and ethylene of serum and urine HCO 3 concentration has been achieved which is possible in this case. In our glycol, and salicylate. A valuable way to remember the AG metabolic acidoses is to recall the famous German patient, the UAG was slightly positive (+2.0) and the
